Unilateral vertical jump testing in anterior cruciate ligament-recontructed patients – Evaluating the long-term outcome of rehabilitation  by Holsgaard-Larsen, A. et al.
Table 1. Outcome measures for operated (OP) and non-operated (NOP) leg in
ACL-patients during maximal unilateral counter movement jump testing.
ACL patients (n ¼ 24)
OP-limb NOP-limb Limb-to-limb
asymmetry (%)
P-value
(OP vs. NOP)
JH (cm) 12.8 ± 4.3 13.8 ± 4.2 94 ± 21 0.04
Leg stiffness
(N kg-1 m-1)
5689 ± 2717 5284 ± 2545 116 ± 46 0.20
Fpeak (N kg-1) 15.8 ± 1.9 16.1 ± 1.8 98 ± 10 0.17
Work (J kg-1) 2.0 ±.7 2.2 ±.6 91 ± 22 0.01
Vertical distance
of BCM (cm)
20.0 ± 7.0 22.0 ± 6.3 91 ± 22 0.01
Duration ECC
phase (ms)
654 ±122 666 ±123 100 ± 20 0.34
Test variables: maximal body center of mass (BCM) jump height (JH), Leg stiffness,
peak vertical ground reaction force (Fpeak), total work, vertical displacement of
BCM in the (eccentric) ECC jump phase, duration of the ECC phase in operated (OP)
and non-operated legs (NOP).
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Conclusions: The micromotion results showed that the proximal and
distal region produced less micromotion (< 40 mm) which promoted
osseointegration and ﬁxation stability. The strain results demonstrated
that the medial calcar which generally experiences stress shielding due
to adaptive remodelling exhibited normal stress distribution in the
experimental and FEA.
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Purpose: Rehabilitation following anterior cruciate ligament (ACL)
injury and reconstruction aims to restore mechanical knee-joint sta-
bility and ensure a safe return to strenuous physical activity. Powerful
stretch-shortening cycle (SSC) muscle actions are important in manytypes of daily human activities (i.e. gait, stair walking, reversing a fall,
and jumping). For individuals performing rapid counter movement
jumping (CMJ) the ability to perform fast downward and upward
acceleration of the body center of mass (BCM)with a short lasting phase
of propulsive concentric muscle contraction are of signiﬁcant impor-
tance. Lower limb stiffness (jumping stiffness), which is the change in
vertical ground reaction force in relation to vertical BCM displacement
during the eccentric phase, may be essential for converting eccentric
muscle forces into concentric BCM velocity to produce high maximal
jump height. Detailed analysis of the eccentric CMJ phase is lacking in
ACL-patients, known to be at high risk of osteoarthritis. Aim: to inves-
tigate if limb-to-limb differences in mechanical muscle function are
present during the eccentric CMJ phase in ACL-reconstructed patients.
Methods: This cross sectional study was performed in 24 ACL-recon-
structed males (age: 27.2 ± 7.5 (mean ± sd) years and BMI: 25.4 ± 3.2)
18-30 month post-surgery. Standardizedmaximal unilateral CMJ's were
performed on a force plate (AMTI). Starting from a full erect standing
position participants were instructed to perform a fast downward
movement (to about 90 of knee ﬂexion) immediately followed by a fast
upward movement, and to jump as high as possible. Hands were placed
at the hips to eliminate any contribution of arm swing to the vertical
BCM movement. Subsequently, maximal jump height (JH) was calcu-
lated from the velocity of the vertical BCM that was obtained by time
integration of the instantaneous acceleration signal ([Fz/m]-g, where m
¼ body mass and g ¼ 9.81 m/s2). For the eccentric phase of the jump,
peak force (Fpeak), work, vertical distance of BCM and duration of the
eccentric phase were determined. Leg stiffness was calculated as the
change in vertical eccentric force divided by the eccentric displacement
of BCM (Fpeak - Fmin)/distance). Student's paired t-testing was used to
compare operated (OP) and non-operated leg (NOP).
Results: OP-legs showed signiﬁcant deﬁcits compared to NOP-legs for
maximal jump height (-6%, p ¼ 0.04), vertical BCM displacement (-9%,
p¼0.01), and work (-9%, p¼0.01). No between-limb differences were
observed for leg stiffness (þ16%, p ¼ 0.20), Fpeak (2%, p ¼ 0.17) or
duration of the eccentric phase (0%, p ¼ 0.34).
Conclusions: ACL-patients showed impaired mechanical muscle func-
tion in theoperated leg approximately twoyearspostACL-reconstruction
in some but not all parameters examined. Contrary to that expected, no
difference in lower limb stiffness was observed, which indicates that ACL
reconstructed patients are able to perform rapid vertical transition of
BCMon the operated limb. However, this appears to occur at the expense
of reduced vertical BCM displacement, in turn leading to reducedmuscle
work and lower maximal jump height. The present unilateral CMJ test
appears useful for evaluating the long-term outcome of rehabilitation
following ACL-reconstruction, andmight reveal factors of importance for
the expected development in osteoarthritis.164
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